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(llrrcntly  unciw constructiml  al tll L I(I I’l)ll;  lion [ ,:+b[watoiy, (IIC I’alul 1 lal Adapt ivc Optics Systcm
(PA1 A())  i s  a (:asscg,taii~-l~lolltltcd  sysI<IrI  f{~l II li I ( ,i :,,\lllOlll} ilicotlx)r,ilitjp aL Ii\’c l; Isct nlctro]ofy to minimize
the effects of mechanical flcxurc.

T’hc Jci ]’repulsion 1,aboratm  y IICII:;W  it, 1; 11~ lr~ . ,~j~f I]lc dL.~i~ll ;tl,ti cOJl~lIL]ClioI(”  of an adaptive optics sYs-

tcm for the 5 mctm 1 Ialc ‘1’clcscopc at l’al{~lllol  ?l(~~ l! !TI) I Ilis iI,<lnllncnl  will bc ]]~~l[lt,l<d at tlw [:asscgrain focus of
the tclcscopc and optimized for scientific IISC  III 11,( II II IL: I ,, l(K, 11, :i\Id J-l,: tII<ls~,  ‘ll,cl’AAosystc lnha sat itshcart
aXillctics  349actll:itord  cforj~~ablcl  ~~irlo:”  (l)311iIII.1  l)lili..iJI)l.-iic\clo]l~d  ski]l]~ci (’[’I  )tcL’llt~ology  fortl~c Shack-
}Iarllllailt]-l>asccl  wavcfront  scnsorcan]cla  “11,.~.i; ,Ll~~}l ~ctmr t\t’l;S)  Ii lMwd tIImI a 16 x 16 subapcrlurc lcnslct
array, witl~iil w’l~icll isillscribc(i  arcdllcc(l illlti[’( u] 111151 ,,.tcrtrl~:sL<lpc}ll{llll. ll~iti:~ll~ llat~llal gllidcstar  based, tl~c
systcm is designed 10 accommcmdatc  t]lc fIIIIIIt 11).lidl,llk  I of:+ ]:is’t guIdc st,i! sLl~)s>sicIJl  v’ithout lmdification  to
the optical clcsign.

‘I’l~c~~scr  illtcrfacc fortl~cl’Al  AC)c(JIIIIt~I  SIIJS:.. ILTII i~lc.idcll[ 011 a Sul) if<ltk<tatirmthat  communicates
cx(cmallywith  thctclcscopc  c o n t r o l  COI1lP:lIV1  :111( (I, M I.IICC [:tr~l(iac,,)ll-,[ltl[cl  ii’{ IIN’  Palon~arl.AN. lntcrnally,
tllishost ~votkstatio]l  col~lllll}l~icatcsl~itil:i tc:, I  [l! , \’All  co],lft,l  syslc)Ti 111:{[  c~)ll<is[~ofa 68060 scrvoconlpLltcr
and 10rlcx[is  lt~strLltl~cllts  [:401 )SI’s(}l~3  l’hll  IU ILL. ‘tlir680(~(]l  ]loc(ss(lt,t(l  lltlitj{’” \;x\!’o; ks, coordinatcsnlotor
control and systcm tclcmctry signals, ill,lu[iill~l I1ti,~, ~ . well as ti~c Jiv\cfIfIII(  ct~tltlolict high level functions,
illcltldillg loa(lit~g rccol~struc[ic)l~ matricci  otl,l c{) II II\)l l(~t)i  (iltcr~ ()]l(()ti]i IJSI’S. ‘IIIC ltI”ll (’401 )SI’sflat-ficldthc
W1’S  pixel data, calculate ti~c W1’S  sLIbati,iy url!lt,mi III , ]c{.t)]lstl~lcti(llltllc v.w\’t.lI(IIIL,  aIIrl gcncmtcl)M  actuator
col~ll~~at~ds,  w'ilila closcdloop  [~alldw'i(ltll  (~f5()tl il,

“I’}lco]lticals  ystcllli sfllt~clalllcl] iill}t: 1:1 rtlI>, . sho\YII 111 tllc la:~oll( a~ sll{~L\rl  itl I;ig, 1. The optics arc
locatcd ol~ac[lstol~~N cw[~ortI  <S400()()]~tlc:+i”  I,u,(l,l.l,id :{ttacil(sl l()Ii~(,l~[:illy  :i~l(i(  itllt)t:itc~lI~ olltl~c C:asscgraill
ring oftilc] laic’lklcscopc.  A45-dcStect(~ld  IIlillo (1 hl ~(iivt?{l’,t}lrl/15.’i (’a~\lN:illl aflL’t focllstoacollil~~atillg
off-axis parabolic mimr (C)API).  AIi  itj(lrj,.’ll~ltit h<[ \l, Llill~?ll lillor(\’ Syl)~ol lL’(’t\plol);  il tij)al)dtilt.~rlli]ct}]c
deformable mirror) ,  located c~i]jti~ili~  to (IILI  lIIIIIIII\.  COIJC(IS  Iligll(’1 (MLiCJ at~~ll:ltiolls. Anothcrfold  m i r r o r
(l'M2)rcflccts  tllcligllt  tol~lcct l~acka&il,:' ru(l(liltfl,l{~  lllloLl~iltili\l~]lll(,t  is:!l~[~l!~c(i  till systclll aligl~tllctltar~d
I)M calibration. A second OA1’ relays all I l’; .’ 1,1,,,, I l,,Llg]la,lo~ltI)lii  j{~ld ll)itlt)l ()  Ml)tothc  scicncccamcra
(notshown).  Alladk'alltagc oft}} isoI>tica]  c(jlll~'llt,li,ll lll,:lltilc  t}!~){l fi;ix[s J~:i!tit]()ll(ll) it'l()rs]lavcp  arallc]parc1Jt
axes and arc in ]JrO~ilni(y  Oll tile optical  [lL”)h’~1  \\l!t’] ]}1{’,t’suw{u]  duril];’,  iil~~,t)l]lL’111 ]’th  to}~M3,  anariiculatcd
dicl~loic lllit-f ()rrcflccts  tl~cvisil>lc  cc~ll~])c>tlcll{  ~,1 1111 [Ii il~ha sciunri ar[i(ulalill[) 11111101 [othcwavcfront  sensor
field stop. ‘I’l]lls,  scicJlcc ill~agcry isalJv:i!  s(ll~:l~. !~ lllil( lilcficl(i s[ccrill~” ~lli!i{~l IMtit ~iltccts t}lcgLlidc slarilltot}lc
wavcfront  scnsor(W}:S). I’hc W13ficld  s[(~~~ [L. a ILl~:,II ;spot of llolllilw[ly~ alL~C{ ~iiatl~c[cr  dc]~ositcd tl]>ol~al~
optical flat. Aflcrrcflcclii~  gfrc)l~~tllclicl(i s1{.)1)  IIIL IIIIIA .1 IIlipt]l  i~l C(xlllilllatcii alId tllcil]~fisscs  tl~rollgll allatt~lo-
spheric dispclsion c(wrcctor  (Al)(’). The \4’1 h li!,l 1 IL’11 l) ImS;I l~(l[jil, c~,t~illp:itr [~11~~~111  tile IIMal~cl  prit~~ary1l~ir-
ror, inscribed wilhin a 16 x 16 icnslcl p(IIII(III  t)i [11{>  iL’11’  II  arli~y  (1 A). l’llc ICJI<]L’1 l(~ui atc demagnified onto the
WFS{KI).  llach stllJ:i]>cltLlrci sassig,l}c(i:14 h <i l~:~.<l :i!I floll~ }vllicll:l tt\t)-s l:ip~<l[t  tllltlidill~al~ {lritlllllcxtracls
subapcr(urctiit  it~foll ~~atiol~w’itl~l  ~carly(]~l:idc(,ll  ~~.l[lilll  ICC aIId itwrca~rci dyll~il{lic ]i:lip,c.

Al~acqLlisitiotl  cal~~cr:i rcsidcs l>tyoll(ltl,~ \\l S t .`iL1sl<Jl,,  ;llld J'l,'L!'s lllcslLll~ :llldsky  silllLl]tallcous] y, pro-
vidingdircct  feedback ciuringthcguicie s[:tt atq[li-.il,{~ i [))(,~’ss. l),iii IIg ol).viitioll,  tllc ~11.’lLi  steering mirrors place the
guidcstar  onto thcficld  stop. l’l~cg~)iclc!.t.itsi[’,11: JI.ICII  IF, t~l( \\]l  S (’( l) is u~cfi f~)l  fine adjustment before ccn-
troid offsets arc rccm-dcd.
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Figure 1. Optical layout of I’A1  ,AO relay, A 4:~-itLj  I ~x I IIci mIII OI @’h4 1 ) dIvcI ~S tlIc t ~ 15. -/ (ass beam after focus
to a collimalitg  ofi-axis parabolic mirlo~ (( )/?1’ I ). F:’t ~nc at) illdcpclldcllt fu~t stcmilig, rliirror (FSM), followed
by the deformable mirror itself (DM). A f,lld 11111 I(I (] Kf; uvxi fi)I pack.l~:irl~ the sys((J1l in the existing cage which
surrounds (:asscgrain instrumentation. fc,.d< :+ SC( I )t)i ( ) ‘ 1’ wlli(h rclri>s all 1’/ 15.7 lwa[[i thtough an output fold
mirror (1;M3)  to the scicncc camera (no( SI l<w:ll 1

(011{  1(1 :.!hIt I elec[l~?liics

]n addition to the computers CICSC  t lbcd [il~ L, III( :’AI. A() c~)rltrol  s>’.s~crll lltili/(k  several custom electronics
boards resident in two VM}~, chassis. “Ihc d;i[ ~ T(]  III  clv.. is co~llalljs tl]c c(mll)utrr>, tiw 1 )M electronics interface
board, and the Wl~S KI) interface boar(i ,4 SJI,L 1,i!t L I v,is rt.>idus in I}IC C’ass ca~c ai)d is connected to the data
room chassis via a Vh4tl bus extension. ‘] II{’  ( ‘:i:.~ (.A:’.. ( 1, twis I)(,uws  2 I J1’1 t}.lilt l)M hi~ll voltap,c  driver boards,
the I)M interface board, a (40 image IIIo\cs\III[r II ~ I(i.IIK ~ Id 11’ II Io{iulc t:,~rl ICI tmrd~ that  contain digital 1/0, A/D,
I)/A, arid setiril (M-232)  1P modules used to cilrl!l~ I 21’[JI  I ‘. IIllak’1)’ ~+[) CO I IIpUt  CI c(~JIII ~Illcd elements, including  allto-
rmtcd positioners, shutters, sources, fiip ill rll il r~)l ,, ;:l!(i I:rls M IIccl<. A (il]~icliotl  of this architecture is g,ivcn in
Fig. 2.

l’hc real-tirnc  wavcfront  controllri coI,sl~ . ~ ~f ~ ~ }Inblrlatiol,  of }Iat dv:arr ar,(i sof[warc  co~nponcnts, which
shall provide u~>’to  SO IIz closed-loop b;ilrdM i{i(ll I (II (ItIl “1’he P/\l A() delt,rltl:ti~lc  rr]lllt)r is a Xinetics continuous
faccshcct mirror utili~ing poled PMN cl(cirm[[ i~l 1, ( at. II I i[ors, of the 34<! acltlalo]>,  241 are active controlled by
I’AI AO, with the remainder slaved to the OUICI [], I\ I J I ij t ; :tueto]s. “1’hc Sh~,ck.  I Iur ~ll,;lr,rl v~avcfrollt sensor is based
upo]l a J1’1,-dcvclopc(i 64 x 64 pixel, 36 ll!icl~lll i,i[ II i } ( coolr(l ( ‘(.:1) u ill! 64 o~l(l,ti( anll,lificrs.  Operated nonli-
nally at 500 IIz, franle rates, this skippLv  t(,ChT)Oit~l,}  (1,1~)  ; Id  elc(tror[ics ril IoM ~rl~litll~lc ]I[)n. (icstructivc  reads in order
to reduce centroid  cnors  due to read noise. “J ],L p ,1 ~ [J[  I is dctr(,t(,] dci  L.loi)IIIcII[ i~ < .5c- read noise from a single
read and < 1 c- noise aflcr multiple reads, II,i(lzl  IIr)I.r  II c~surctllclits  01 ttiis clli],  ar( rkpccted in April 1996. The
])S1’s can ]) CrfOrln  thC rCCOllStlLICtiO[l  111 ] ,() 1!111 II ..if ( I I I . ‘1’hc  ;~YLI ap,c d~v+ a!<. fIOIII a 2 millisccon(i  exposure,
appllcd  to the lncdcnt wavcfront  IS 3.7 nl~lliw.i{~tlt ,,

Avaiiab]c  to the operator as sys~ci]l ttifrr [I \ ~1 lcl>lfs[:rltiltioll~ ut” tlw raw or flat-flcldcd pixels, the ccn-
troicl vaiucs, the rccollstructcd wavcf]oilt  ;irl~l tll~ I )\t ;It i I,rtoI II Iot Ions. ‘1 IIC c(,l,trol  s}stc)ll  allows loading of ncw
reconstruction matrices during closed- loo~~ o~!c{ ,i[ii Ii t~.) : {. ouIIt f~~t chatipc. irl st.cirlp (~)rlditions.
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Vigurc 2 .  JIarhvIre  rircJli(ecturc  fo] 1’AI ho C(IIIII (II sys(crn, A lIost wt)lli~t:llion  conmunicatcs  with the
tCICsCOpC  chitc COllltOllCl,  thC sCiCl)CC CalT}Cl<\  L’f)lillt>l ICI:, and H Vh41~, clmsfis III III( da(a  room ccmncctcd via bus
CX(CI1S1011 to 8 sccm]d VM1.  ChflSSIS  In t])(’ ( ‘a. \ L’:1[’.

‘JWo Iascr II]ctrology  systc!ns  llloltitt~l tli{ I ]l~ic.~ {1+ the l’AI. AO lilay and \!’l’S.  ‘1 lIC first sys(cm is incorpo-
rated into an in(cgyatcd stimulus, wllicll  ad(l Ii IO II:  ‘Ii s(. , L.S as a tvlcscol)c and a(IIIosl~lIcI ic seeing simulator. A
pbasc-slliflinF,  il)tcrbomctcr  within tl)c sl II II IIILI\ i li IX ~~,cd 1(}J illi[ial SYSI<VI1  aliII,IIIIIL’111  a!ld maintenance. Addi-
tionally, the stimulus laser scmcc will rillINI/  scI1.Lrl:’,  (Ii tl I)M.10 M’I’S lcns]ct  rtp,istri!tif~n,  as viewed by observing
the W1;S ~C:l) signal ia the p]-cscncc ofa II aIII)l  Ir(l  I Ihl a[II I:Itor IMlk III. II IS CXI)C.:IC(I  tlI.It  tlii<  ~cgistlation proccdurc
will require lCSS lharl 1 rninutc and is to b( lwI I()]  IIi (1 .(’I ( ,il tiltlm })LI rli~rllt (If OIISCI \at I(~JI.  Physically, the stimu]us
occopic.s the volume within the spacer  t}Ial iitia<li:>  III A( I ilmttuliicl)t  to IIIC t:ass  IiIIp.

“1’hc second Inch ology systcn), CLII ICIII 1) lIIdCi  d ,ign, will lnoni~ol II(UI coIIIIII(III-II: itlI tlcxurc bctwccn the
WIJS camcla and the scicncc camera, N,JJ1 c{I],)I1,)I)  i)a(i flcxIIIL: ll:ts plovcii to hc a sl]’,llificant problcm in opera-
tional tclcsco])c-]l~o~lt)tcd  AC) SyStCII)S.  III (IILICI i,) III  i]tliii  III invi~,c s(,.-billly at ttlc 10 llllllia~csccond lCVC1 over inte-
grations as lmlg as an hour, active Inctlol{)l?,y  III\ISI  I I:  II IC():  Iloratcd ‘J tlc pj il~(:ll)lc  SOUICC.  of tl)csc no~l-coll~Tllo~l-path
errors arc moun[  and table gravity flcxutr. V’( :+1( CIII If IIIY co)lsldcl  irlg, sctvt~l possihlr anangcmcnts  including a
slit-vicwillF,  calncm ard scvcm] forms of Ias(’[  ]tl{l  I();I  I{~S OLlr firlal  ]nctr{)lo{!y  (Icsi{,ll ~ill lIC prcscntcd at the July
meeting.

‘J’his work is being Jmformcd at tllc .lcl l’k)l:ill~i~l 1 abola~(~ry,  ( ‘:il)folilia  II ISIIIUIC of Technology, under a
contlact with the National Aeronautics atl(l SI).i.\O Alilllilli  II ~Iior)


